Objective: To measure the heart rate (HR) and the behavior of children and teenagers with Down Syndrome (DS) during the dental appointment. Material and Methods: Two groups (n = 52), of both genders, aged 2-14 years, matched by age group were formed: study group (SG) -individuals with DS and control group (CG) -normotypical school children. The participants were submitted to clinical examination and prophylaxis. An oximeter was used to measure the HR at five moments of the dental consultation: before entering the practice room (T0), when sitting in the dental chair (T1), during the clinical examination (T2), during prophylaxis (T3) and immediately after prophylaxis (T4). Behavior, classified according to the Frankl Scale, was observed at T3. Mann Whitney, Kruskal-Wallis, Dunn and Pearson's Chi-square tests were used to analyze and compare variables (significance level at 5%). Results: In SG, a significant difference in HR was observed according to the moment of dental appointment (p<0.001 SG; 0.3385 CG). The highest HR value in SG was observed at T3 (median 110.00; IIQ 96.00-124.00), the only moment significantly different (p<0.001) from HR values for CG. A difference in behavior between groups (p<0.001) was also observed. Conclusion: HR of individuals with DS varied throughout the dental appointment, and they also had a higher prevalence of uncooperative behavior.
Introduction
Dental extraction and/or the sensation of pain has commonly been associated with the dental appointment [1] . Therefore, physiological changes -such as an increase in heart rate or blood pressure -and behavioral changes in patients due to dental anxiety are commonly observed during dental appointments [2] .
Dental anxiety is a persistent fear and manifestation of exacerbated reactions to dental procedure stimuli [3] .
Between 6 to 20% of children suffer from dental anxiety and they tend to avoid the dentist or are barely cooperative, making it difficult to complete procedures [3] [4] [5] . This can be of special concern in children with Down Syndrome. Down Syndrome (DS) is an autosomal chromosomal anomaly resulting from the trisomy of chromosome 21 [6] . Among DS-related conditions, cardiac abnormalities are frequent, including Tetralogy of Fallot, patent ductus arteriosus, and septal defects [6] . Congenital cardiac abnormalities require special precautions and are associated with complications such as congestive cardiac death, heart failure, thromboembolism and complications of non-cardiac surgery [6, 7] .
Due to the prevalence of people with cardiac conditions associated with genetic conditions and/or dental anxiety, the inclusion of blood pressure and heart rate measurements as a routine practice is extremely important in the professional routine of dentists [8, 9] .
The purpose of this study was to measure the heart rate and behavior of children and teenagers with DS during the dental appointment. We tested the null hypothesis that there is no difference in behavioral and heart rate variations in children and teenagers with or without DS during the dental appointment.
Material and Methods

Study design and Participants
A comparative cross-sectional observational study was performed. The study population consisted of two groups. The study group (SG) consisted of 52 children and teenagers with DS, 4 to 14 years old, attending the Integrated Center for Special Education (CIES), in Teresina, Piauí, Brazil. The control group (CG) consisted of normotypical children and teenagers in the same age group, enrolled in municipal public schools in the same city.
For SG, all the individuals who were regularly enrolled at CIES at the beginning of the data collection with a medical diagnosis of DS were considered eligible. We did not include those individuals with other developmental disorders associated with DS. The presence of any comorbidity, the use of medication that has an implication for the cardiovascular system and the presence of cardiovascular diseases were also considered as non-eligibility criteria.
CG also consisted of 52 children aged 4 to 14 years, who did not present any cardiovascular disease.
They were randomly selected from a school attendance list provided by the six schools, which had been previously selected at random from the public schools in Teresina, Brazil. All participants had already undergone dental consultations prior to inclusion in the study.
Procedures and Data Collection Instruments
Caregivers of the participants answered a questionnaire about socioeconomic data and habits related to oral health at the moment of care. As a preparation for the data collection, caregivers were instructed to inform the participants that they would go to the dentist for a dental session. Due to the extremely hot local weather conditions, all the consultations were carried out in a room equipped with air conditioning, so that any weather interference factors could be controlled during data collection. Data collection was carried out between April 2015 and October 2016.
The heart rate (HR) of the study participants was measured using an oximeter (Finger Pulse Oximeter Model -Fingertip, China), that was placed on the left index finger of the participant and used according to the manufacturer's instructions. Changes in the lightwave spectrum through the finger during pulsation of blood generate a measure of blood oxygenation and pulse rate sent to the oximeter. Heart rate is measured in beats per minute (bpm).
HR was recorded at five moments: one minute before the procedure (T0), one minute after sitting in the dental chair (T1), one minute after the beginning of the clinical examination (T2), one minute after the beginning of the prophylaxis (T3) and one minute after the end of prophylaxis (T4) [10, 11] .
The participant's behavior was assessed during the dental prophylaxis (T3) using the Frankl-Behavior-Rating-Scale. This scale classifies behavior as "definitely negative" (1), "negative" (2), "positive" (3) and "definitely positive" (4) [12] . The participant was considered uncooperative (group G1) when their behavior was "definitely negative" and "negative" and was considered cooperative if their behavior was classified as "positive" and "definitely positive" (group G2).
The clinical examination of the oral cavity was performed in a dental chair with the use of artificial light from the reflector, a flat mouth mirror and a number 5 dental probe, according to the recommendation by the World Health Organization [13] . The procedure consisted of a prophylaxis using a Robinson's brush and pumice and prophylactic paste. A time of 5 min was standardized to perform the procedure.
SG data collection was carried out in a dental room at CIES. For CG, data collection took place at a health unit dental office near the school where they were recruited. For both groups, participants already knew the data collection location and had previously undergone a dental appointment.
The examiner was trained on the use of oximeter and behavioral analysis and calibrated regarding the use of the Frankl Scale. Intra-examiner (1.00) and inter-examiner agreement (0.85) Kappa scores, resulting from the agreement with a specialist in Dentistry for patients with special needs, were considered acceptable.
The primary and secondary outcomes of the study were the changes in heart rate and behavioral changes during the dental procedure, respectively.
Statistical Analysis
Initially, a descriptive analysis of the data was performed. The heart rate normality distribution was tested using the Shapiro-Wilk test. As the data did not present normal distribution (p≤0.011), nonparametric statistical tests were used. Mann-Whitney test was applied for the analysis of the median HR intergroup. For the intragroup analysis of the moments of the dental appointment, Kruskal-Wallis and Dunn tests were applied. A Chi-square test was applied to compare the frequency of behavior types and socioeconomic characteristics between the groups. All analyses were conducted using the Statistical Package for Social Sciences (SPSS for Windows, version 21.0, SPSS Inc. Chicago, IL, USA), with significance level ≤ 0.05.
Ethical Aspects
This study was approved by the review board of the Federal University of Piauí (CAAE 17993013.4.0000.5214). Its development followed the ethical recommendations of the Declaration of Helsinki.
The inclusion of study participants was consented to by the signature of informed consent and assignment statements.
Results
No difference was observed between groups regarding socio-demographic characteristics, including gender, age group, years of parental study and family income, validating the pairing between the participants of the two groups by age (Table 1) . The intergroup analysis revealed that HR values for SG were higher than those for CG at T3 (SG median 110.00; CG median 91.50 -p<0.001). The intragroup analysis showed ( Figure 1 ) that there were differences in HR at different moments only for SG.
Kruskal-Wallis and post-hoc Dunn test (p<0.05). Different letters in the bars mean statistically significant differences. Figure 1 . Heart rate analysis during five moments of dental appointment. Table 2 shows that, for participants with DS, there was no difference in the HR values measured during the five moments of the dental appointment, when the group was classified according to behavior and gender.
The frequency of participants, according to their behavior, can be observed in Table 3 . In the study group, 59.6% of the participants presented uncooperative behavior. In the control group, 92.3% had cooperative behavior. There was a significant difference between groups regarding the type of behavior of the participant, whether cooperative or uncooperative, during the dental procedure (p<0.001). A post-hoc analysis was performed to calculate the power of the test, obtaining a power of 1.00, which means that the probability of type II error was zero, demonstrating that the sample was sufficient for the study findings.
Discussion
In this study, the heart rate was measured and the behavior of individuals with Down's Syndrome was observed during the dental appointment and compared with a control group of normotypical individuals. A significant increase in HR of DS participants was observed only at the time of prophylaxis. There was also a significant difference in behavior during the dental appointment; the prevalence of uncooperative behavior was higher among participants with DS.
The fact that the intragroup analysis of HR significantly varied during the dental appointment only for SG suggests that the dental appointment is a determining factor for the occurrence of such physiological alterations. Furthermore, during prophylaxis, median HR values were higher for SG than for CG. This result may be explained by the delay in the psychosocial, cognitive and emotional development of individuals with DS, who may present a more anxious response [14] . Individuals with DS may find it difficult to evaluate the invasive nature of dental treatment or understand the instructions and explanations given by the dentist, thus increasing their level of tension [15] .
In SG, a progressive increase in HR values was observed as the procedures progressed between T1 and T3, with a slight decrease at T4 (immediately after the end of prophylaxis). This increase may be related to the length of time and/or to the succession of the steps of the procedure adopted, which may increase fear and anxiety [16] .
The highest values measured for HR were distinct between the groups. In SG, the highest values were measured at T3, whereas in CG, greater HR was observed at T4. This difference is probably related to differences in perception and manifestation of anxiety and stress-related to the procedure between the groups.
Regarding behavior analysis, we chose the Frankl Behavior-Rating Scale [12] because it is a functional and reliable method that quantifies the behavior into four categories. It is the main method used for this purpose and is currently used by several researchers [17] [18] [19] .
When dichotomizing the sample in an uncooperative and cooperative group, it became clear how individuals with DS tend to be more uncooperative. There are no studies in the literature that support these findings. However, it is believed that a higher prevalence of uncooperative behavior associated with individuals with DS is justified by the fact that DS individuals have greater difficulty in understanding and weaker perception skills. They probably have exacerbated reactions of stress to procedures that are considered low invasive for the individuals who can correctly perceive the dental procedures [20] .
The effects of dental appointments on physiological and behavioral parameters of individuals with DS are rarely reported in the literature. Some authors compared the behavior and HR of individuals with DS who underwent two different dental caries removal protocols [21] . The results of this study demonstrated that the dental appointment promoted more significant physiological changes in the DS group, with emphasis on the increase of HR and a higher occurrence of "tense" behavior, a classification equivalent to uncooperative in the behavioral scale adopted in this study. Our findings corroborated their findings.
A longitudinal study [22] demonstrated that the use of audiovisual resources was effective in reducing physiological changes in children (mean age = 7.1 years) submitted to prophylaxis. However, they did not have a control group to compare their results. Another study, a systematic review and meta-analysis concluded that individuals with DS, when compared with their controls without DS, did not have significant HR variability at rest [23] . However, the literature remains unclear about the cardiovascular behavior of individuals with the syndrome in stressful situations, such as a dental appointment [4] .
Medical and dental procedures are stressful conditions that trigger physiological changes of the fightor-flight type, an inherent human reaction to challenging situations [2, [24] [25] [26] [27] . The high prevalence of individuals with DS who have congenital cardiac alterations justifies the determination of potentially dangerous situations that can significantly alter cardiovascular parameters [1, 28] .
Due to the unavailability of a national, state or municipal database characterizing the population affected by DS, we could not calculate a sample to be representative of the entire population. Therefore, we used a non-probabilistic sample and selected at the level of a specialized health care center. CIES is funded by the government at a state level and is a referral centre for children with special needs. Thus, the generalization of the findings cannot be assumed for different populations with DS. However, pairing the study participants with a randomized control group strengthens the methodological rigor of the study.
The internal validity of the study was adequate because a single-examiner was trained and calibrated, avoiding possible measurement bias. The blind analysis of the results by an independent researcher reduced the risk of possible detection bias. Selection bias was avoided with the adoption of inclusion criterion, for both groups: participants who had previously been submitted to a dental appointment and received prophylaxis.
As a final consideration of our study, we strongly recommend dentists to use behavioral management techniques in order to minimize cardiovascular changes in patients during a dental appointment. Individuals with DS, even during non-invasive procedures such as prophylaxis, have been shown to experience significant variations in HR. Further studies to evaluate physiological parameters changes related to dental treatment could be carried out by comparing dental procedures with other situations that induce cardiovascular or other changes.
Conclusion
The dental appointment resulted in significant HR variation in individuals with DS, unlike in individuals without DS. "During prophylaxis" was the only moment when a significant difference in HR was observed between groups. Participants with DS tend to be more uncooperative during the dental appointment than participants without DS. 
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